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Background: Self-harm in adolescents is an increasing public health concern and an important risk factor for suicide.
We aimed to examine how age of self-harm onset in adolescents was associated with frequency of subsequent sui-
cidal and non-suicidal self-harm (NSSI) episodes, and how age of onset and duration of self-harm may influence the

Methods: Data from 103 adolescents with recurrent self-harm recruited from child and adolescent psychiatric out-
patient clinics were collected through clinical interviews and self-reports, and analysed with negative binomial and

Results: A lower age of self-harm onset and a longer duration of self-harm were both significantly associated with
increased frequency of subsequent episodes of NSSI and risk of a first suicide attempt. There was an increase in
repeated suicide attempts when the age of onset of self-harm decreased and the duration increased, and dramatically
more for long duration of NSSI before first suicide attempt.

Conclusion: Initiating self-harm behaviour at the youngest age had the highest risk of increased frequency of NSSI
and suicide attempts. Longer duration of self-harm behaviour increased this risk. This underlines the importance of
early identification of self-harm behaviour in adolescents, and the use of effective interventions.
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Background

Suicide attempts and non-suicidal self-injury (NSSI)
(both subsumed “self-harm”) in adolescents are pub-
lic health concerns [1, 2]. Both suicide attempts and
NSSI in adolescence are risk factors for future suicidal
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behaviour [3-5]. Self-harm behaviour increases up to age
12 and peaks between ages 14—16, with decreasing rates
after 18years of age [6, 7]. In a study of self-harm preva-
lence among Norwegian adolescents they found a 4-fold
increase in prevalence over a 15-year period [8]. The age
with highest probability of NSSI onset is between 14 and
15years, suggesting that adolescence is the most critical
period for such behaviour [7]. Determining whether an
early age of self-harm onset predicts increasing self-harm
behaviour, merits considerable interest. Understanding
how different ages of self-harm onset may be associated
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with a later course of NSSI and suicide attempts, could
help us target risk groups in clinical settings. Ammerman
et al. [9], found that onset before the age of 12 was asso-
ciated with an increased lifetime frequency of NSSI epi-
sodes and more severe self-harm behaviour. Whether the
age of onset was totally or partially a function of dura-
tion, however, was not investigated. Muehlenkamp et al.
[10], similarly found that self-harm onset before the age
of 12 was associated with a significantly higher lifetime
frequency of NSSI episodes compared to participants
with an onset at older ages, even when controlled for
duration. These studies were both based on general pop-
ulation samples and are not readily generalizable to ado-
lescent clinical populations.

Studies focusing on duration of self-harm behav-
iour have found that longer duration is associated with
increased frequency and severity of self-harm behaviour
[11, 12]. Although these studies did not address how the
different ages of onset in children and adolescents may
affect the frequency of self-harm behaviour, the results
illustrate that the duration of self-harm is an important
factor to consider when assessing age of self-harm onset
in relation to frequency of NSSI and suicide attempts.

Adolescence is an important developmental time-
period and the prevalence of many psychiatric illnesses
increases sharply from childhood to adolescence [13], as
is also the case with self-harm behaviour, making adoles-
cence a very important time-period for prevention. How-
ever, we still lack knowledge on how initiating self-harm
behaviour at earlier or later ages may give rise to different
self-harm trajectories. Thus, there is a need for studies
to investigate if the age of self-harm onset and duration
of self-harm, affect the following clinical course of self-
harming behaviour.

To investigate if age of onset and duration, uniquely
and in interaction, are associated with frequency of NSSI
and suicide attempts in an adolescent psychiatric popula-
tion, it is essential to also consider other relevant factors.
We know that factors such as history of sexual or physical
abuse, [14], relationship with parents, [15, 16], and bor-
derline symptoms, [17, 18], are strongly associated with
both NSSI and suicide attempts, and age of onset. We
also know that these factors are commonly observed in
clinical adolescent populations [19, 20]. What we do not
know is whether these factors affect how age of self-harm
onset and duration of self-harm are associated with fre-
quency of NSSI and risk of suicide attempts.

Given the current state of knowledge, we wanted
to study if age of self-harm onset is associated with
increased lifetime frequency of NSSI episodes, uniquely
and in interaction with duration of self-harm, and
adjusted for covariates. We also wanted to study if age
of self-harm onset, uniquely and in interaction with
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duration of self-harm, is associated with an increased risk
of having made a suicide attempt and of having repeated
suicide attempts, adjusted for covariates. We hypoth-
esized that lowered age of self-harm onset was associated
with increased lifetime frequency of NSSI episodes and
risk of first and repeated suicide attempts, uniquely and
in interaction with duration of self-harm, adjusted for
covariates.

Method

Participants and procedures

Participants were 103 adolescents (age 12—-18) recruited
from a child and adolescent psychiatric outpatient clinic
at Oslo University Hospital, Norway, serving a catch-
ment area in the city of Oslo, with mixed social classes
and socioeconomics. Adolescents were screened for
self-harm behaviour. Self-harm was defined as “inten-
tional poisoning or self-injury, regardless of intention to
die” [21]. Suicide attempt was defined as “a potentially
self-injurious act committed with at least some wish to
die, as a result of the act” [22], while non-suicidal self-
injury (NSSI) was defined as “the deliberate, self-inflicted
destruction of body tissue without suicidal intent, and
for purposes not socially sanctioned” [23]. Inclusion cri-
teria were recurrent self-harm behaviour (two or more
episodes) with the last episode having occurred within
the past 6 months. Exclusion criteria were intellectual
disability or insufficient Norwegian language skills to
understand or answer the interviews or questionnaires.
All patients signed a consent declaration to participate
in the study. The declaration was approved by Regional
Committee for Medical Research, South-East Norway.
The interviewers were experienced clinicians, having
received training and supervision in the use of the study
instruments.

Measures

The Suicide Attempt Self-Injury Interview (SASII) [24],
was used to collect data on age of self-harm onset, fre-
quency of non-suicidal self-injury episodes (NSSI), first
and lifetime suicide attempts and methods in use. The
SASII-timeline was used to guide the exploration of
when, how and how often the individual harmed them-
selves. The SASII is a highly robust and comprehensive
instrument with good psychometric properties [24, 25].
The Schedule for Affective Disorders-Present and Life-
time version, 2013 (K-SADS-PL) [26], was used to obtain
socio-demographic data and DSM-5 Axis I diagnoses,
and is a semi-structured highly robust and comprehen-
sive interview, with excellent interrater reliability [27].
Childhood interview for Borderline Personality Disor-
der (CI-BPD), was used to assess BPD criteria based on
DSM-5, with good psychometric properties [28]. The
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Fig. 1 aVariation in age of self-harm onset, for each level of duration of self-harm. b Kaplan-Meyer plot of age at first suicide attempt for three
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self-report Borderline Symptom List (BSL-23) was used
to assess borderline-specific symptoms, and has shown
good psychometric properties [29]. Finally, relationship
to parents (attachment) was measured through a short-
ened version of the self-report Inventory of Parental and
Peer Attachment (IPPA) [30] while Previous experience of
sexual and physical abuse was assessed using the CARE
instrument [31].

Statistics

Means and standard deviations or median and interquar-
tile ranges (IQR) were computed for normally and non-
normally distributed variables respectively (Table 2). As
is commonly observed in clinical studies of self-harm,
number of NSSI episodes and suicide attempts showed
over dispersion leading to more zeros and heavier tails
than in a Poisson-model [32]. Therefore, for NSSI as
outcome, a negative binomial regression model was fit-
ted and the results are presented in both table and plot
of predicted mean frequency of NSSI episodes. For first
and repeated suicide attempts as outcome, a two-com-
ponent “hurdle” model was fitted [32, 33]. One compo-
nent models zero versus positive counts, where a logistic
regression model (logistic link) was employed. The other
component is a truncated count component for positive
counts, where a negative binomial regression (log link)
model was employed. Since all participants had self-harm
behaviour, the hurdle model was appropriate for suicide
attempts only. Regression results from each component
are presented in tables. Predicted mean frequency of sui-
cide attempts was calculated based on the results from
the total model (both first and repeated suicide attempts),
and plotted. Significant covariates in either component
is significant in the total hurdle model. Maximum likeli-
hood estimation was achieved with the function glm.nb()

from the R-package MASS and the function hurdle() in
the R-package pscl [34].

The variation in age at time of interview made it pos-
sible to model both the effect of age of onset and duration
of self-harm (Fig. 1a). For each value of duration, there
was a spread in the age of onset, and vice versa. With-
out this variation (fixed age at interview), they would be
linearly dependent and the effects would not be separa-
ble. For illustrative purposes, we assessed group differ-
ences in time to first suicide attempt and median NSSI
frequency (Fig. 1b and c).

Age of onset was defined as the age (years) at the time
of first self-harm episode. Total duration of self-harm
was defined as the time-span between the age of onset
and the time of interview. When analysing risk of sui-
cide attempts, duration was defined as “duration of NSSI
before first suicide attempt” (if any). Age at time of inter-
view was considered to reflect number of years under
risk, and was entered as an offset-term in all regression
models.

Adjusting for covariates

To assess direct/indirect effects (as well as effect-modifi-
cation) of age of onset through duration would be inter-
esting, but rely on complete set of measured confounders
[35, 36]. With duration as a mediator between age of
onset and suicide attempts, confounders for duration and
suicide attempt should be adjusted for [36]. In the pre-
sent study, no attempt was made to do causal inference,
but rather to indicate mechanisms, and the associations
found must be interpreted with this in mind. Selected
covariates that may influence the association between the
age of onset, separately and in interaction with duration,
as well as the outcome variables, were sexual and physical
abuse, borderline symptoms (BSL-23) and relationship
with parents. These covariates are thought to precede age
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of self-harm onset and duration of self-harm. All demo-
graphic and clinical characteristics were analysed using
the IBM SPSS statistics version 25, on descriptives and
frequencies. All regression analyses and figures were con-
ducted with the R statistical software [37], and the signifi-
cance level was set to .05.

Results

Sample characteristics

A total of 103 adolescents with a mean age of 15.9years
(SD=1.47) were enrolled in the study between January
2017 and June 2019. Mean number of DSM-5 diagnoses
was 3.2 (range=0-8) with mood disorders (84.5%) and
anxiety disorders (73.8%) as the most frequent. Nearly
one third (28.2%) of the adolescents fulfilled diagnostic
criteria for Borderline personality disorder. Sociodemo-
graphic and clinical characteristics are shown in Table 1.

Characteristics of the self-harm behaviour

Distribution of self-harm characteristics and selected
covariates are presented in Table 2. The median age of
self-harm onset was 13.2years (range 7.1-17.4), and
the median duration of self-harm was 2.5years (range
0.1-10.3) (Fig. 1a). The lifetime frequency of NSSI epi-
sodes ranged from 0 to 990 (median=50; IQR =126;

Table 1 Sociodemographic and clinical characteristics of

adolescents with repetitive self-harm (N=103)

Number Percent
Gender (females) 89 86.4
Age in years, (mean, SD) (15.9, 1.47)
Born in Norway 87 84.5
One or both parents born in foreign 43 41.7
countries®
Living with 39 379
- both parents
- alternating between parents 15 14.6
- single parent 34 330
Current DSM-5 diagnosis®
Mood Disorder, any 87 84.5
Psychotic Disorder, any 13 126
Anxiety Disorder, any 76 738
Eating Disorder, any 18 17.5
Substance-Use Disorder, any 10 9.7
ADHD, any 24 233
Borderline Personality Disorder 29 282
Other diagnosis® 27 26.2

? Not mutually exclusive categories

b Conduct disorder, Oppositional defiant disorder, Unspecified disruptive
behaviour disorder, Chronic motor or Vocal tic disorder, Autism spectrum
disorder, Adjustment disorder. ADHD = Attention-deficit/hyperactivity disorder

€ One or both parents born in Afrika (3.9%); Asia (15.5%) South/Central-America
(9.7%); Eastern/Southern-Europe (6.8%); Northern-Europe (5.8%/)
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75 percentile = 142). Only one adolescent reported hav-
ing had no NSSI episodes, but this participant reported
repeated suicide attempts. The lifetime number of
methods used for self-harm varied from 1 to 10. Cutting
with a sharp object was the most commonly reported
NSSI method (93.2%), followed by self-battery (41.7%),
and stabbing (16.3%). Fifty adolescents (48.5%) reported
at least one lifetime suicide attempt, of which twenty-
seven (26.2% of the total sample) repeated the attempt
at least once, with cutting (21.4%), drug overdose
(21.4%) and asphyxia (14.6%) as the most frequently
reported methods.

Age of self-harm onset and duration of self-harm

by frequency of NSSI

A 3D-barplot of the median lifetime NSSI episodes in
three categories of age of onset against four categories
of duration of self-harm behaviour is shown in Fig. 1c.
For each category of age of onset, an increasing median
lifetime frequency of NSSI episodes was observed for
increasing duration of self-harm, except for high values
of age of onset and duration. The adjusted regression
analysis, (Table 3), showed that age of onset, interaction
between age of onset and duration, and their squared
terms all remained significantly associated with the fre-
quency of NSSI episodes.

The predicted mean frequency of mean NSSI episodes
were plotted against age of self-harm onset and duration
of self-harm (Fig. 2a). The figure shows that there was an
increase in frequency of NSSI episodes for decreasing age
of onset and increasing duration, except for short dura-
tion, where the frequency of NSSI increased and then
decreased for lower values of age of onset. The drop in
the front of the plot for small values of age of onset and
duration of self-harm in Fig. 2a corresponds with the
upper and inner left corner in Fig. 1c.

Age of self-harm onset and duration of NSSI on risk

by suicide attempts

A Kaplan-Meyer plot of age at first suicide attempt,
stratified by three categories of age of onset of self-
harm (Fig. 1b), illustrates that an early age of self-
harm onset was associated with an earlier first suicide
attempt (unadjusted). Adjusted regression results
(Table 4) show that both age of onset and duration of
NSSI before first suicide attempt, separately and in
interaction with each other, were significantly associ-
ated with probability of a first suicide attempt. With
regard to repeated suicide attempts, duration of NSSI
before the first suicide attempt was strongly associ-
ated with increased frequency of suicide attempts and
borderline significant (p =0.059). Age of onset was not
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Table 2 Self-harm characteristics and selected covariates in adolescents with repetitive self-harm (N=103)

Page 5 of 9

Mean Std.Dev Median Interquartile
range
Self-harm characteristics
Age of onset (years) 13.1 1.8 13.2 19
Duration (years) 28 2.1 25 29
Suicide attempts, lifetime 1.8 44 0.0 2.0
NSSI, lifetime 119.7 1743 50.0 126.0
Duration before first SA 2.2 1.9 1.6 6.5
NSSI before first SA 89.7 134.9 345 90.0
Number of methods (first SH episode) 1.1 0.2 1.0 0.0
Number of methods (lifetime) 27 16 2.0 2.0
Selected covariates °
Borderline Symptoms (BSL-23) 35.15 23.07 310 390
Sexual abuse 031 046 0 1.0
Physical abuse 033 047 0 1.0
Relationship with mother 3283 10.15 350 17.0
Relationship with father 31.50 10.20 33.0 12.5

SA Suicide attempt, SH Self harm
? Potential confounders

significantly associated with repeated suicide attempts
in this analysis.

Both age of onset and duration of self-harm were sig-
nificantly associated with the expected frequency of
suicide attempts, in the total hurdle model (Fig. 2b).
The figure shows that the predicted mean frequency of
suicide attempts increased with increased duration of
NSSI before first suicide attempt, for all low and mod-
erate values of age of onset, but dramatically more for
lower age of onset. In addition, the frequency of sui-
cide attempts increased with decreasing age of onset
when the duration of NSSI before first suicide attempt
increased, and dramatically more for longer duration
before first suicide attempt.

The selected covariates were considered poten-
tial confounding factors, and were adjusted for in all
analysis. With respect to frequency of NSSI episodes,
a positive relationship with mother was significantly
associated with a decrease in the frequency of NSSI and
with increasing age of onset (Table 3). Higher scores
on borderline symptom list (BSL-23) were significantly
associated with earlier age of onset, longer duration of
self-harm and higher risk of a first suicide attempt, as
well as repeated suicide attempts (Table 4), while, sex-
ual abuse was significantly associated with lower age of
onset and increased frequency of suicide attempts.

Table 3 Negative binomial regression model for NSSI lifetime episodes with age of self-harm onset, duration of self-harm and
selected covariates, in adolescents with repetitive self-harm (N=103)

Estimate St. Error zvalue p-value 95% Cl
(Intercept) 2.95 0.43 6.82 i 2.07 3.91
Relationship with mother —0.03 0.01 —230 * —0.05 —0.01
Physical abuse —0.12 0.25 —047 n.s —0.68 0.46
Sexual abuse 043 0.26 1.68 n.s —-0.10 0.98
Age of onset —0.19 0.09 —2.07 * —0.39 —0.01
Duration of self-harm 0.16 0.09 1.82 0.068 —0.01 033
Age of onset - squared —-0.19 0.06 —3.35 e —0.31 —0.10
Duration - squared —0.19 0.06 —348 xx —0.31 —0.10
Age of onset x Duration (Interaction) —0.36 0.10 —3.55 FrE —0.58 —0.13

*p<.05; **p<.01; **p< 001
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Fig. 2 a Predicted mean of NSSI lifetime episodes (z-axis, range: 0-524) from negative binomial regression model on grid of age of self-harm onset
and duration of self-harm in adolescents with repetitive self-harm (N=103). b Predicted mean of suicide attempts lifetime (z-axis, range: 0-10) from
hurdle regression model, on grid of age of self-harm onset and duration of self-harm in adolescents with repetitive self-harm (N=103)
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Table 4 Fitted two-component hurdle model for first suicide attempt (logit link) and repeated suicide attempts (SA) (log link) with
age of self-harm onset, duration of self-harm and selected covariates, in adolescents with repetitive self-harm (N=103)

First suicide attempt

Estimate
(Intercept) —2.04
Borderline Symptoms (BSL-23) 0.05
Age of onset —0.67
Duration before first SA —0.63
Age of onset x Duration before first SA (Interaction) —-0.19

Repeated suicide attempts

Estimate
(Intercept) —564
Borderline Symptoms (BSL-23) 0.04
Sexual abuse 1.13
Duration before first SA —0.09
Duration before first SA - squared (interaction) 0.15

St. Error zvalue p-value 95% ClI

0.54 —3.78 xxx —3.10 —0.98
0.01 3.77 xex 0.02 0.07
0.21 —3.20 ** —1.09 —0.26
0.20 —3.25 ** —1.02 —0.25
0.08 —2.37 * —0.34 —0.03
Std. Error z value p-value 95% Cl

0.95 —597 Frx —7.50 —3.80
0.01 4.03 ox 0.02 0.07
0.52 2.19 * 0.12 215
0.12 —0.74 n.s —0.33 0.15
0.078 1.89 0.059 —0.01 0.30

*p<.05; **p<.01; ***p <.001

Discussion

Our study is the first to examine whether age of onset,
uniquely and in interaction with duration of self-harm
is associated with frequency of NSSI and risk of suicide
attempts in a clinical adolescent population. The main
findings support our hypothesis and were that both ear-
lier age of onset and longer duration were associated with
increased frequency of NSSI and suicide attempts.

Age of onset, duration and NSSI
Our findings are compatible with findings in adult popu-
lations [9, 10] indicating that an earlier age of onset is a

potential risk factor for increased lifetime frequency of
NSSI, even when controlled for duration and selected
covariates. It would seem self-evident that a longer dura-
tion of self-harm leads to more NSSI episodes irrespec-
tive of the age of onset. However, we found that among
adolescents with similar duration but different age of
onset, the highest frequency of NSSI episodes was found
in those who started at an earlier age.

We also found that a positive relationship with mother
was significantly associated with a decrease in the fre-
quency of NSSI episodes and increasing age of onset. This
finding corresponds with previous studies indicating that
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perceived family support predicted termination of NSSI,
and that negative perceptions of parents were related to a
higher frequency of NSSI [16, 38].

Age of onset, duration and suicide attempts

About half of our participating adolescents reported hav-
ing had at least one suicide attempt. Suicide attempts
were more likely in participants with a lower age of self-
harm onset and a longer duration. This is in line with
recent research on adults [10, 39] indicating that the risk
of suicide attempts increases with earlier age of self-harm
onset. These studies are, however, based on adult samples
and are not readily comparable with a clinical sample of
adolescents.

Mental disorders are associated with an increased risk
of suicidal behaviour in adolescents [19]. In addition,
mental illness combined with ongoing self-harm, fur-
ther increases risk of suicide attempts [3]. In our study,
the average number of DSM-5 diagnoses was 3.2, (range
0-8), and 84.5% reported symptoms consistent with a
depressive disorder. However, we did not find significant
associations between early age of onset and number of
diagnoses, nor between age of first depressive episode
and suicide attempts (preliminary analyses).

Age of onset, duration and repeated suicide attempts
About a fourth of participating adolescents reported
repeating the suicide attempt at least once. When we
examined the expected number of suicide attempts, we
found an increase in suicide attempts when the age of
onset decreased and the duration increased, and dramat-
ically more for long duration of NSSI before first suicide
attempt. This is consistent with a possible direct effect of
age of onset. This would mean that if you compare two
adolescents with self-harm behaviour and equal duration
of NSSI (before the first suicide attempt), it would be the
adolescent with earlier age of onset that has the highest
expected number of suicide attempts. Furthermore, the
number of suicide attempts increased with longer dura-
tion of NSSI (before the first suicide attempt) for early
and moderate onset age, and dramatically more for early
onset age (possible effect modification from age of onset
on the effect of duration). Likewise, if you compare two
adolescents, with self-harm behaviour and equal age of
self-harm onset, then based on our findings, the adoles-
cent with the longer duration of NSSI (before the first
suicide attempt) would have the highest expected num-
ber of suicide attempts.

These results are in line with previous research sug-
gesting that longer duration of NSSI is associated with
increased risk of suicide attempts [40, 41], that suicide
attempts are one of the most important risk factors for
re-attempts [42], and that the highest risk of re-attempts
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is relatively shortly after the first suicide attempt [42].
A possibility as to why NSSI elevates the risk of suicide
attempts was made by Joiner (2005). He hypothesised
that the transition from NSSI to suicide attempts may be
explained by an acquired capability for suicide attempts
through repetition of self-harm over time [43]. Studies
that confirm this theory find that increased risk of suicide
attempts is associated with reduced pain and fear [40],
and an increased belief in own capabilities to do what is
needed [44]. Our findings are of clinical relevance and
suggest that strategies of early assessment and treatment
in this group of adolescents is particularly important to
reduce current and future suicidal behaviour [45].

In addition, we found that a higher level of border-
line symptoms among these adolescents was associated
with an increased risk of suicide attempts (first and re-
attempts). This finding corresponds with previous stud-
ies indicating that borderline symptoms is associated
with greater severity of self-harm [46] and suggests that
it would be important to assess borderline symptoms in
adolescents with recurrent self-harm behaviour as a part
of suicide risk assessment and management [47-49].
Certainly, it could assist clinicians in selecting treatments
specifically designed to address these symptoms and
challenges in adolescents [45, 50—52]. Finally, we found
that having been sexually abused was significantly associ-
ated with an increased risk of repeated suicide attempts.
Due to small numbers, this finding must be interpreted
with caution, but it corresponds well with numerous
other studies having made the same finding [3].

Strengths and limitations

A strength of this study is that it is based on a clinical
sample of adolescents with recurrent self-harm. Among
limitations are the study’s cross-sectional design preclud-
ing causal inference, and the retrospective retrieval of
information entailing risks of memory and information-
biases. The frequency of self-harm episodes, especially
for those with long duration, is an estimate. According to
the limited number of males included in the sample pre-
venting us from generalizing these findings to males. Due
to the nature of the age inclusion criteria, we lack data
beyond older age of onset for the oldest adolescents. This
is natural given the time horizon of the current study, and
is important to take into consideration while interpreting
these results. Future studies with more diverse samples
and with a longitudinal design would improve confidence
in the results, as well as generalizability.

Conclusions

Despite the mentioned limitations, our study suggests
that both an early age of self-harm onset and a longer
duration of self-harm may entail an increased frequency
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of further NSSI and suicide attempts in adolescents with
recurrent self-harm, and that the youngest are particu-
larly at risk of increased self-harm, especially when the
duration increases. Recurrent self-harm over time may
lead to an acquired capability for suicide attempts, and
emphasizes the importance of early detection and inter-
ventions adapted to both age and severity.

Abbreviations
NSSI: Non-Suicidal Self-Injury; SA: Suicide Attempt; SH: Self-Harm; BSL-23:
Borderline Symptom List.
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